Receptors for the vitamin D hormone (VDR) exist in a variety of cell types including osteoblasts, myocytes, cardiomyocytes, pancreatic cells, endothelial cells, neurons, and immune cells. In vitro studies demonstrate that vitamin D suppresses proinflammatory cytokines (e.g., IL-6, IL-2, interferon-gamma, TNF-alpha) and upregulates levels of the anti-inflammatory cytokine (e.g., IL-10). 9 
Epidemiology of Vitamin D Deficiency
The different stages of vitamin D status can be classified as deficiency, insufficiency, hypovitaminosis, adequacy and toxicity. Vitamin D deficiency is associated with severe clinical symptoms such as rickets, osteomalacia, myopathy, and calcium malabsorption. In vitamin D insufficiency biochemical alterations such as mild hyperparathyroidism and low intestinal calcium absorption are noted without severe clinical symptoms. In addition, calcitriol levels remain normal at the expense of elevated parathyroid hormone. 10 In hypovitaminosis D, the body stores of vitamin D are already low but only minor physiological abnormalities, such as an elevated PTH level are seen. 11 In vitamin D adequacy there are no disturbances in dependent bodily functions. Finally, in vitamin D toxicity there is intestinal calcium hyperabsorption and increased bone resorption which leads to hypercalcemia.
In the National Health and Nutrition Examination Survey (NHANES III), low 25-OH vitamin D levels were associated with multiple medical problems including coronary vascular disease, cancer, congestive heart failure, hypertension and diabetes. 12 Although there is no consensus, many researchers believe an optimal level of 25-OH vitamin D to be 30ng/mL or more. 13 With this number, it has been estimated that 1 billion people worldwide have vitamin D deficiency or insufficiency.
14 Unfortunately, 41% of men and 53% of women in the United States (U.S.) have levels of 25-OH vitamin D below 28ng/mL. 15 In the elderly population in the U.S. and Europe that are still living in the community (not in nursing homes) 40% to 100% are vitamin D deficient. 16 Risk factors for developing vitamin D deficiency include sunscreen usage, dark skin, breast fed infants, aging, inflammatory bowel disease, fat malabsorption disease, obesity and a sedentary lifestyle. 17 Severe deficiency often develops in completely immobile patients. 18 Interestingly, one study found that 93% of people presenting to an emergency department with complaints of muscle aches and bone pain and who had a vast array of medical diagnoses were deficient in vitamin D. 19 Circulating levels of 25-OH vitamin D depend largely on exposure to ultraviolet B light. Serum 25-OH vitamin D levels decease with age because of the diminishing capability of the skin to produce previtamin D.
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Vitamin D Deficiency and CHF
In many patients CHF is the end stage of hypertensive, coronary, and valvular cardiovascular disease. There is increasing evidence to support the notion that low vitamin D status may be an important factor in the development and pathogenesis of CHF. Patients with CHF have reduced circulating levels of 25-OH vitamin D and calcitriol and increased levels of serum phosphorus and PTH. 21 In an observational study, patients with severe CHF were found to have vitamin D deficiency as well as hyperparathyroidism. 22 Excess PTH levels increase blood pressure and cardiac contractility and lead to hypertrophy of cardiac myocytes and interstitial fibrosis. 23 Serum 25-OH vitamin D is a major factor in determining the plasma level of PTH in normal and CHF patients. 24 In addition, cardiac muscle cells have a vitamin D receptor and a calcitriol-dependent ionized calcium binding protein. 25 In experimental vitamin D deficiency models, calcitriol adminis-tration can normalize impaired myocardial contractility. 26 Calcitriol is also known to be a negative endocrine regulator of the renin-angiotensin-aldosterone system (RAAS), which when inappropriately stimulated results in hypertension. 27 A case report demonstrated that intravenous calcitriol treatment decreased the plasma activity of renin and angiotensin II, lowered blood pressure and reversed myocardial hypertrophy. 28 In one study of hypertensive patients, who were exposed to ultraviolet B radiation three times a week for three months had a 180% increase in 1,25-OH vitamin D and both systolic and diastolic blood pressure reduced by 6mmHg. 29 CHF patients have been shown to have significantly lower 25-OH vitamin D levels during the winter months (NovemberApril) than during the summer months (May-October) which are results similar to healthy controls. 30 However, CHF patients have low outdoor activity due to disease symptoms and thus have limited opportunity to generate adequate previtamin D from the skin. This limitation may potentiate or worsen their clinical condition during the winter months.
Interestingly, Zittermann et al report data in an unpublished case control study that suggests that lifestyle factors that influence vitamin D differ during childhood, adolescence and adulthood in CHF patients versus controls. This data suggests that patients have a low vitamin D status in these ages even when they are free from CHF.
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The Future
As the incidence of congestive heart failure increases in the U.S. population, a greater focus will be needed to better elucidate the role of Vitamin D in the pathogenesis of symptoms. Further research, in the form of randomized controlled trials is necessary to determine whether Vitamin D supplementation can reduce the progression of heart failure. In the near future it is important to determine whether Vitamin D can be used as a marker of disease progression.
